ABSTRACT. Acquired language impairments may accompany different conditions. Most recent studies have shown that there is an important relationship between language and cognitive functions, such as executive functions (EF). Therefore, we aimed to investigate which main EF components appear to have the greatest impact in the most prevalent acquired communication disorders in adults, and which neuropsychological tests are being used to evaluate them. In addition, we sought to characterize the relationship between the executive functions and language in these conditions. Working memory (WM) was the most frequently chosen cognitive measure, being evaluated by different span tasks. A relationship between WM and narrative and conversational discourse, writing abilities and grammatical comprehension was found. Other currently used cognitive tests included the Trail Making, Wisconsin, Stroop and Verbal Fluency tests. Language and EF have a complex relationship; hence, a complete assessment should reflect the dynamic processing of cognitive brain functions. Key words: executive functions, acquired language impairment, neuropsychological assessment.
S everal neurological and psychiatric disorders, such as Alzheimer's disease, primary progressive aphasia, post-stroke aphasia, traumatic brain injury and schizophrenia, can be accompanied by impairments in different language domains, [1] [2] [3] [4] [5] [6] [7] including phonological, lexical, semantic, prosodic, discursive, syntactic aspects. These language impairments Gonçalves et al.
Executive functions and language impairment affect quality of life, autonomy, prognosis, social relationships and increase patient and caregiver burden. [8] [9] Some clinical conditions are known for having acquired language impairments, such as post-stroke aphasia, dementia, right-brain damage (RBD) and traumatic brain injury (TBI). Alzheimer's disease (AD) is the most common cause of dementia, responsible for 55% of all dementia cases. 10 Even in its prodromal and early stages, it is already possible to identify changes in language abilities, mainly in the temporal characteristics of spontaneous speech, such as speech tempo, number of pauses in speech, and their length, 11 in addition to naming disorders, impaired auditory and written comprehension, and semantic paraphasia. 12 On the other hand, repetition abilities and articulation seem to be relatively intact. 13 Different patterns of language impairment can be observed as the disease progresses. 14 Aphasia can be defined as the inability to comprehend and/or formulate language because of damage to specific brain regions. 15 Around 20% of patients who suffer a stroke are affected by aphasia. 16 Post-stroke aphasia may occur at the phonetic, syntactic, semantic or pragmatic level of language processing. Aphasia has a heterogeneous presentation and can range from only an occasional difficulty in word-finding to losing the ability to speak, read, or write. 17 Unlike left-brain damage, RBD does not present clear and widespread failures of language comprehension or extreme difficulty producing fluent speech. Fundamental word and sentence processing abilities are relatively unaffected by RBD. 18 On the other hand, patients after RBD may present difficulties in discourse comprehension and higher-level language tasks related to semantic and lexical processing. 19 In addition, they can also present limitations relating to figurative cues in language, as they tend to understand sentences from their literal meanings. 20 Finally, most TBI patients also have relatively spared lower-level language skills, in contrast to post-aphasia patients. However, they have difficulties in more complex/high-order language tasks, such as discourse. 21 In addition, some patients may experience difficulties interpreting non-verbal signals such as body language and emotional signals, as well as prosodic dysfunction.
For several years, language impairments were considered isolated impairments from other cognitive domains. However, recent studies have highlighted the relationship between language domains and other cognitive functions, such as mnemonic, attentional and executive, 22, 23 and their importance for therapy outcomes. 3 For this reason, it is important to take into account cognitive performance with associations and dissociations among attention, memories, executive abilities and different linguistic components when assessing and planning interventions for patients with language disorders. Both assessment and rehabilitation are influenced by the inter-relationship of language and other cognitive domains regarding their processing.
One of the most studied cognitive abilities are the executive functions (EF), the most complex and highorder neuropsychological components responsible for deliberating control of goal-oriented actions as well as for cognitive energy distribution. 24 In the literature, there are several established models that outline these components. [25] [26] [27] [28] Among the most recent theoretical proposals, the model proposed by Diamond 29 holds there are three core EF (inhibition, working memory and cognitive flexibility). These abilities are important for different life domains, such as work and school, mental and physical health, cognitive, social, and psychological development. EF are also central to other cognitive functions, such as language.
Deficits in executive functions can result in a reduced ability to organize thought and therefore language expression, where such impairment can lead to the production of irrelevant utterances, word-finding problems, impaired sequence at the word and propositional level, tangential language and verbosity leading to problems in communication abilities. 30 EF are necessary for a successful conversation, such as being able to retain what was said by the other person, to plan a response, and if necessary, to inhibit an inappropriate response, relying on different processes such as working memory, planning, and inhibition. 31 Pragmatic deficits are related to difficulties in communicating effectively in interaction contexts. More specifically, these deficits and EF components of working memory, verbal planning, initiation and inhibition, switching, shifting and strategy maintenance seem to have an association. 32 Meanwhile, several variables of conversional discourse are related to cognitive flexibility, inhibition, verbal and visuospatial planning and processing speed. [33] [34] [35] [36] These relationships between language and EF may manifest in patients with an acquired language disorder and can be relevant for assessment and rehabilitation programs.
The relationship between language and EF has been studied in healthy subjects. The more complex the language ability, the greater the recruitment of EF.
These functions are recruited in a variety of language skills. For example, in order to tell a story, EF skills are required, such as planning and organization, otherwise the story may lack structure or important details. For auditory comprehension, it is necessary to inhibit distractions, while keeping the important information in working memory. Also, for reading comprehension, one needs to sustain attention on the text while keeping the information in working memory, integrating world knowledge with the new information acquired. Cognitive flexibility may help the reader to understand the text, even though they may not recognize a few words. These relationships also occur in individuals with different brain lesions, however, this may not take place in the most fluid way possible. The higher the pathological severity, the more EF will be necessary for language expression, in an attempt to compensate for the deficit in linguistic processing.
Although the relationship between linguistic and other cognitive dimensions has been increasingly studied, this interaction approach may be very challenging, mainly due to the fact that mnemonic, attentional, executive tasks may assess cognitive domains by means of linguistic stimuli, that is, there is underlying linguistic processing and/or production demands. 37 Also, language batteries are already extensive and adding a complete cognitive assessment would require numerous sessions for assessment, making it difficult for speech therapists to conduct both assessments. Also, an overly long assessment process can be very stressful for the patient. An accurate diagnosis of which functions are impaired, in addition to the identification of interference of a specific deficit in other functions, will increase the specificity of treatment plans.
To the best of our knowledge, there is no other systematic review of clinical tools targeting neurocognitive assessment of EF in patients with language impairment. Therefore, we aimed to investigate which main EF components may cause the greatest impact in language disorders, as well as the relationship itself, considering the most prevalent clinical conditions associated with acquired language impairments in adults, including post-stroke aphasias, traumatic brain injury, dementias and right-brain damage. In addition, we sought to investigate which neuropsychological tests are being used to evaluate which domains.
METHODS
For the selection of the abstracts, the Pubmed database was used together with the Prisma method for this article. The inclusion criteria for selecting the abstracts were: [1] empirical and clinical articles, [2] written in English, [3] published between 2000 and 2015, [4] with sample composed by adults with Alzheimer's disease, traumatic brain injury, post-stroke aphasia or right-brain damaged patients [5] that had at least one executive component specifically assessed or at least a whole general executive function battery applied, and [6] discussed the relationship between language and at least one executive function. The present study also only included patients with a single brain lesion.
The keywords used were the following: executive functions OR inhibition OR inhibitory control OR interference control OR cognitive flexibility OR mental flexibility OR set shifting OR working memory OR central executive AND acquired communication disorders OR language impairment OR language disorder OR language deficits AND right-hemisphere damage OR right brain damage OR aphasia OR traumatic brain injury OR Alzheimer's disease OR frontal temporal dementia OR dementia AND cognitive assessment OR cognitive screening OR neuropsychological assessment OR cognitive evaluation OR neuropsychological evaluation.
The exclusion criteria for the articles were only language assessment without at least one executive component (working memory, cognitive flexibility or inhibitory control) specifically assessed or at least a whole general executive function battery applied; rehabilitation and review articles; samples that included conditions other than Alzheimer's disease, traumatic brain injury, poststroke aphasia and right brain damaged patients.
Three independent judges analyzed 800 abstracts considering the inclusion and exclusion criteria of the present study. Initially, 28 abstracts were excluded because the related article was written in a language other than English and 33 involved children. 197 abstracts did not include one of the studied conditions (Alzheimer's disease, traumatic brain injury, post-stroke aphasia and right brain damage). Reviews accounted for 27 dismissed abstracts. In addition, 7 rehabilitation articles were excluded. Other abstracts did not explore the relationship between language and at least one EF component and were therefore excluded. Finally, 107 articles, that had the concordance of at least 2 judges, were analyzed by the main author. However, after reading these articles, we only selected the 29 articles addressing the relationship between language and EF for discussion.
RESULTS
The main results will be presented by pathology, mentioning the main neuropsychological tests used.
In addition, the relationship between EF and language found in each article is explored. The results are presented by clinical condition because their linguistic features can vary considerably.
Right brain damage
Only two articles with right brain damage (RBD) were selected. The first article, by McDonald, 38 employed two verbal tests, since tools that rely on visuospatial skills are not appropriate for RBD. These two tests were the Controlled Oral Word Association Test (COWAT) for assessing generativity and rule compliance and the WAIS-R Similarities subtest (WAIR-S) for assessing verbal conceptual abilities. The second article, by Zimmermann et al., 39 evaluated patients with RBD by verbal fluency for three different production criteria (unconstrained, phonemic, and semantic). Performance of verbal fluency tasks seem to rely on a basic set of cognitive processes, such as sustained attention, search strategy, inhibition, and working memory. 40 This first article sought to investigate the hypotheses that difficulties in communication reported in RBD patients would reflect a loss of executive control secondary to damage to the frontal systems of the brain or their connections. 38 However, EF were not significantly associated with pragmatic competence in production or reception in this study. The reasons explaining why the executive dysfunction was unable to predict general pragmatic performance is unclear but could be related with the unilateral nature of the brain damage experienced. This study also showed that, for the executive impairments to disrupt pragmatic language skills, they may need to be particularly pervasive, or perhaps of a particular kind. 38 Zimmerman et al., 39 found that a larger number of patients with RBD had impairments in semantic verbal fluency, more associated with semantic memory retrieval than with phonemic or unconstrained verbal fluencies. A greater number of patients were detected using a longer task, when compared to a shorter version, which indicate more difficulty maintaining lexical search over time than actual executive impairments. Therefore, RBD patients seem to rely less on EF during verbal fluency tasks. 39 45, 47, 48 tasks. The Trail Making test was used to assess cognitive flexibility, a complex attention and planning. Articles did not specify for which EF component the Stroop task was used. Finally, Span tasks were used to assess working memory abilities.
Traumatic brain injury
Studies that sought to investigate the relationship between EF and discourse production found modest significant correlations between measures of WM and narrative discourse. 49 These findings suggest that the story retelling task placed a greater demand on WM by requiring information processing and temporary storage of the information necessary for accurate retelling. 49 However, Digits Backwards, a task usually used to assess WM, did not prove to be a significant predictor of pauses produced between clauses between speakers with TBI. 43 On the other hand, the test of Likeness-Differences provides a verbal measure of EF and was able to predict the number of mazes produced per utterance. These findings suggest that microlinguistic deficits can be explained by deficits in the way individuals with TBI recruit and control attention for sentence planning. 43 In addition, it was found that the poorer the performance on the executive tests, the more communication difficulties were present. 50 Several specific items of a discursive test were found to be correlated with EF measures among TBI patients in the acute care phrase. Early conversational discourse in the acute care phase post-TBI is significantly related to WM, cognitive flexibility, divided attention, and initiation abilities. 36 However, only a weak relationship was found between WM measures and inference production. Also, the TBI and control groups did not differ on the measure of proportion of explanations and predictions that relied on the maintenance of information in WM as the source. 46 Thus, it is unlikely that group differences in WM can explain the poorer narrative comprehension and tendency to focus more on local, sentence by sentence, detail in the TBI group. Approximately one third of variability in the pragmatic problems reported was accounted for by measures of EF. Performance on a phonemic verbal fluency task was the only task able to predict pragmatic impairment. 44 There was also a pattern of association between the ability to maintain information over time, performance and pragmatic competence. These findings suggest that impaired storage and retrieval processes can contribute to problems of relevance including topic management in conversation. 44 EF integrity seems to be generally necessary for a successful conversational interchange to be maintained. However, unlike verbal communication, non-verbal communication did not seem to be related to any EF test. 48 In a study with penetrating head injury, IQ was highly correlated with the cognitive variables of EF, WM and immediate memory, and by having these highly correlated variables as predictors of discourse measures in the model, the paths between IQ and cognitive ability were considered to be potentially redundant. IQ seems to account for cognitive ability, story completeness, and story grammar. 34 A group with penetrating head injury had impairment in WM and immediate memory, possibly explaining the patients' difficulty with completeness and story grammar, which may reflect their difficulty developing a mental representation of the story they saw and were asked to retell. The retelling was incomplete and disorganized, because of an inability to process the story, a lack of foundation or inefficient mapping. 34 Finally, a study that sought to investigate semantic memory in TBI patients based on their capacity to learn new words that had recently entered the French language found correlation between the processing of new words from 2006 to 2007 and patients' performance in the letter fluency and vocabulary tests. 45 The difficulty in defining new words is probably related to difficulties retrieving lexical knowledge and in EF. 45 
Dementia
The most used EF test for assessing patients with dementia was the different modalities of digit spans used to assess WM abilities. For evaluating general EF performance, the phonemic and semantic verbal fluencies and the Trail Making Test were used. The Hayling Test was used in two studies for assessing inhibitory control.
Overall fluency impairment in small vessels disease seemed to be related to EF and processing speed deficits, common in this condition. These patients have relatively preserved semantic memory, so do not have an added disadvantage in semantic fluency tasks. 51 On the other hand, the AD group presented a discrepancy between phonological and semantic fluency, which may be explained by the greater reliance of semantic fluency tasks on semantic memory, which is degraded in AD. 51 Regarding sentence production, there seems to be a strong correlation between performance on WM tests and the sentence-repetition task. The strongest correlations were found in the sentence types with embedded relative clauses. However, correlations that involved Active and Passive sentences were less robust. 52 Tasks that demanded more WM had the strongest correlations. 52 However, a reduction in WM capacity was not associated with a decreased ability to devote processing resources to syntactic analysis and to the use of syntax to determine sentence meaning. 53 In addition, strong relationships were not evident between the reverential communication task scores and inhibitory control mechanisms in the early stage of AD. 54 On the other hand, familiar idioms need suppression of the literal interpretation in order to for idiomatic meaning to be derived. This suppression in mediated by the central executive which may be impaired in AD patients, therefore the inhibition of the literal meaning is not efficient and the figurative meaning does not get sufficient activation. 56 Also, a close relationship between WM and language was identified, evidenced by the fact that complex skills placing demands on working memory (i.e., digit reversal, spelling, and calculation) did not place demands on the memory or the executive factor, but rather on a general language factor. 55 Perspective-taking performance was related with reasoning skills, the integrity of semantic memory, management of attention and response conflict. 56 Regarding writing skills, the number of correct responses in a writing task was related with working memory, immediate recall, inhibition and planning. 57 Finally, metaphor comprehension seems to be more related to EF, than language skills themselves. 55 Aphasia WM appears to be the most studied EF in aphasia patients, but there were some studies with different kinds of attentional systems and the EF of inhibition, planning, cognitive flexibility, working memory, sustained attention, perceptual tracking, and graphomotor skills. WM was measured using the backward visual memory span subtest of the Wechsler Memory Scale and the digits backwards of the WAIS-III, in addition to other spans tasks such as Alphabet Span, Subtract-2 Span, and Sentence Span.
Better scores on short-term memory tests were associated with both experimental and baseline sentences. The dissociations found between normal performance in sentence comprehension and below normal performance on short-term memory (STM) indicates that normal STM is not necessary needed to support either parsing and interpretation per se or the use of STM in mapping interpretations onto operations required to perform tasks. 58 Passive sentences were more difficult to understand compared to active (as indicated by lower processing scores), and longer sentences were more difficult than shorter ones. These results were expected, given that comprehension deficits are characteristic of aphasia, and that individuals with aphasia tend to have difficulties understanding sentences with noncanonical thematic role orders such as passives. Neither complexity nor length of sentence by itself impacted recall. 59 The ability to switch between processing and storage in the WM span task is the primary influence on WM capacity indices, not the difficulty of the task or characteristics of the linguistic stimuli. 59 Patients with aphasia present impairments in visual-spatial WM and difficulties in generalization and abstraction on non-verbal material. 60 After a rehabilitation program, an improvement was observed in two important language functions, naming and comprehension, that was associated with patients' baseline nonverbal visual-spatial working memory. 60 A correlation with grammatical comprehension deficit and limited WM capacity can also be seen in progressive non-fluent Aphasia. 61 However, this correlation seems to be specific for grammatically complex sentences, given there were no significant correlations with grammatically simple sentences. 61 Aphasia severity symptoms were associated with patient performance on WM measures, for both verbal and spatial WM scores. 62 A correlational and regression analyses showed significant relationships between participants' attention deficits and their language and communication performance. The more complex attention skills had a stronger correlation with language and communication. It also was found that attention allocation difficulties negatively affected auditory comprehension and spoken language. 63 For some aphasic patients, executive functioning may be a better indicator of functional communication ability when compared to language impairment. 31 Decreased fluency was also associated with a decline in functional communication ability. These results may indicate that a decrease in fluency is a greater barrier to functional communication than impaired auditory comprehension. 31 However, another study evaluating conversional abilities found no correlation between cognitive impairments and the severity of spoken language impairments. 64 Another study also failed to find an association between language and WM skills. These findings could be explained by the fact that the simple language tasks requiring basic linguistic operations and direct retrieval of lexical items from the semantic system, such as naming of objects, single word comprehension, single word repetition, and production/comprehension of short and simple sentences, do not rely heavily on WM. 23 Perhaps, with more complex language tasks, particularly tasks targeting receptive language abilities, an association can be found between WM and language measures. 23 
DISCUSSION
Language skills are essential for successful social interaction in different domains such as personal relationships and the work environment. 65 Linguistic impairments may be a reflection of deficits between cognition and linguistic processing, rather than a specific difficulty of language. 66 Considering the importance of further elucidating the relationship of executive functioning and language impairments, the aim of this article was to define which EF components were the most present when assessing patients with language disorder and which neuropsychological tests were chosen for their assessment. Also, the study sought to investigate the relationship between EF and language in the most prevalent acquired communication disorders among adults.
WM was the cognitive measure most frequently chosen in the articles of this review. It was present in studies of TBI, 49 dementia 56 and aphasia. 58 Different span tasks were used to assess WM, such as alphabet span, 58 sentence span 58 and a modified version span. 59 Digit span was the most commonly used cognitive test to evaluate WM, present in several studies. 43, 45, 49, 52, 53, 56, 57, 67 WM has an impact on several language domain, such as narrative discourse, 49 completeness and story grammar, 34 conversational discourse, 42 inference production, 46 sentence repetition, 52 number of correct answers in a writing task, 57 improvement in naming and comprehension after rehabilitation 60 and grammatical comprehension. 61 However, no relationship was found between WM measures and pauses produced between clauses 43 or in online syntactic processing. 53 Other cognitive tests used in several articles included the Trail Making Test, 36, 43, 45, 48, 50, 56 the Wisconsin Test 31, 50, 46, 68 and the Stroop test. 48, 50, 45, 54, 57 The Trail Making Test is a valuable tool for assessing cognitive flexibility, working memory, set-shifting and inhibitory abilities. 69 The word-color Stroop test, however, measures attention, cognitive flexibility, inhibition and Gonçalves et al.
Executive functions and language impairment information processing speed. 70 The Wisconsin Test is a widely used neuropsychological task for the assessment of higher-order cognitive functioning, and test performance is associated with abstract reasoning, strategic planning, organized searching, and impulse control abilities. 70 However, it has been heavily criticized for being too general a tool for EF measurement.
Interestingly, one of the most used paradigms for both language and other neuropsychological domain assessments was verbal fluency (VF), in both its modalities, categorical and phonemic. It was present in studies of RBD, 39 dementia 51, [55] [56] [57] 71 and TBI [43] [44] [45] [46] 48, 67 results were compared to findings on tests of memory, mental flexibility, confrontation naming, semantic and letter category naming, verbal reasoning, and to scores on the Montreal Cognitive Assessment. The relationship to outcome as measured with the Disability Rating Scale (DRS. VF tasks are often used in clinical and research practice, and their wide-spread use is partially due to their validity for both verbal and executive abilities. It is considered an effective screening instrument for general verbal functioning and its validity for assessing executive control is well established. 72 Cognitive assessment can be especially challenging in patients suffering from linguistic deficits given they present problems in comprehension. Those problems may result in misleading scores on cognitive tests, because when patients are unable to understand what they have been asked to do, their performance will be affected. 62 Therefore, it is important to devise cognitive screening tests and batteries based on the main executive functions and in the most used neuropsychological tests specifically designed for language impairment.
This kind of battery could be useful for speech language therapeutic use, since it would be a rapid way of identifying the EF deficits that can impact communication. On the other hand, it is also necessary to draw on the further understanding of the relationship between language and EF to devise tests and evidence-based interventions designed for speech language therapists. Furthermore, this could also raise awareness of neurologists and neuropsychologists regarding the importance of assessing communication disorders when assessing cognitive functions.
Several EF such as planning, working memory, accurate self-monitoring, and judgment are necessary skills for patients to engage in, and benefit from speech language therapy. 73 They play an important role for rehabilitation because they underpin several complex behaviors needed for functional independence and social integration. 74 The understanding of the relationship between EF and language could help design optimal interventions for patients suffering with language disorders. Therefore, an important step for developing communication strategies by health care professionals, caregivers and patients themselves is to try to identify the nature of the problems that are causing communication breakdowns. As shown throughout this article, language and EF have a complex relationship, therefore a complete assessment of patients with an acquired language disorder should reflect the dynamic processing of cognitive brain functions, as opposed to a compartmentalized one. Therefore, it is essential that clinicians, language speech therapists and neuropsychologists work as a team to offer the best healthcare service possible.
Some limitations of this study relate to the fact that the articles selected have very heterogeneous samples when compared, which can have an impact on the results. Also, many different types of linguistic processes were included, therefore the relationship of EF with which aspect of language processing was unclear. Another limitation concerns the use of only one research engine for the articles search.
EF appears to play a crucial role in comprehension and production of linguistic macrostructures 33 and microstructures. 43 However, the extent to which EF interferes with several language domains is still unclear and needs to be further elucidated. Of the main benefits of considering the relationship of language and EF subprocess, we highlight the accuracy of rehabilitation planning. During rehabilitation, for example, clinicians could use this relationship to improve both processes. Some linguistic symptoms are strongly related to a dysexecutive syndrome, such as perseveration, off-target verbosity, stereotype, and could benefit from this vision.
More studies should be conducted to better understand the relationship between language and EF and its influence on speech language therapy. Further, future studies should explore the influence of other components that could interfere in this relationship. It should be considered that executive functioning it not only responsible for basic cognitive processes, but also for complex systems that integrate these abilities. 74 Author contributions. During an internship at Montreal University at Yves Joanette´s research lab, the student Ana Paula started this work with the supervision of Perrine and Rochele, who helped create the design and outline the goals of this article and contributed during the writing process with suggestions and corrections. Andressa and Clarissa were fundamental for the constructive critical abstract analysis.
